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(54) Medical guiding system

(57) A medical guiding system of the invention in-
cludes: a detection portion (4) for detecting and output-
ting a position and an orientation of an ultrasound trans-
ducer (31); a reference image storage portion (52) for
storing reference image data having anatomical position-
al information of an organ of a human body; and a guide
image creation portion for creating, based on the output
from the detection portion and the reference image data,
a guide image configured of: an anatomical model image
of the organ of the human body; an ultrasound tomo-
graphic image marker showing a position and an orien-
tation with respect to the model image of the latest ultra-
sound tomographic image; and an image scan history
marker showing a position and an orientation with respect
to the model image, of a region where the ultrasound
tomographic image has been scanned in the past.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a medical guid-
ing system for creating a guide image to indicate a posi-
tion of an ultrasound tomographic image with respect to
an organ.

2. Description of Related Art

[0002] Conventionally, in ultrasound diagnostic appa-
ratuses, techniques have been proposed to enable an
operator or the like to recognize which region of the sub-
ject was scanned to acquire the current ultrasound tom-
ographic image and the recorded ultrasound tomograph-
ic image which were generated using the ultrasound
transducer.

[0003] For example, Japanese Patent Application
Laid-Open Publication No. 2004-121488 discloses a
technique to arrange and display on a three-dimensional
coordinates ultrasound tomographic images acquired
using an ultrasound probe equipped with a position sen-
sor during inspection. Furthermore, Japanese Patent Ap-
plication Laid-Open Publication No. 2006-149481 dis-
closes a technique in which an ultrasound probe
equipped with a position sensor is used and a position
of ultrasound tomographicimage detected by the position
sensor is displayed as an ultrasound tomographic image
marker on a three-dimensional image created from a pat-
tern diagram data of a human body in a synthesized man-
ner.

[0004] In the technique to arrange and display the ul-
trasound tomographic images on the three-dimensional
coordinates, which is described in the Japanese Patent
Application Laid-Open Publication No. 2004-121488, an
operator cannot know the positional relationship between
the ultrasound tomographic images and an organ until
he or she interprets the ultrasound tomographic images
using the positional relationship among the series of ul-
trasound tomographic images arranged on the three-di-
mensional coordinates as an aid. Therefore, in order to
confirm whether or not inspection has been successfully
performed on an entirety of a region to be inspected with-
out making an oversight, an operator is required to create
volume data from acquired ultrasound tomographic im-
ages to interpret the images. As a result, there has been
a problem of longer inspection time.

[0005] In addition, in the method for displaying the ul-
trasound tomographic image marker on the three-dimen-
sionalimage in a synthesized manner, which is described
in Japanese Patent Application Laid-Open Publication
No. 2006-149481, only the position of one displayed ul-
trasound tomographic image is displayed, so that an op-
erator cannot confirm the range which has been inspect-
ed from the start of the ultrasound inspection until now.
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Therefore, the operator cannot determine the range on
which the ultrasound inspection has been already per-
formed during the inspection, so that it has been difficult
to inspect the entirety of the region to be inspected with-
out oversight in a short time.

[0006] The present invention has been achieved in
view of the above circumstances, and an object of the
present invention is to provide a medical guiding system
for allowing an operator to easily confirm, during inspec-
tion or after inspection, a range on which ultrasound scan
has been performed.

SUMMARY OF THE INVENTION

[0007] A medical guiding system according to the
present embodiment comprises: a detection portion for
detecting at least one of a position and an orientation of
an ultrasound transducer which transmits and receives
ultrasound to and from a subject, the ultrasound trans-
ducer being provided in an ultrasound diagnostic appa-
ratus for scanning an ultrasound tomographic image
based on an ultrasound signal outputted from the ultra-
sound transducer; a reference image storage portion for
storing reference image data including anatomical posi-
tional information of an organ of a human body; and a
guide image creation portion for creating a guide image
and outputting the created guide image to a display ap-
paratus based on the output from the detection portion
and the reference image data, the guide image being
configured of: an anatomical model image of the organ
of the human body; an ultrasound tomographic image
marker showing at least one of a position and an orien-
tation with respect to the model image of the latest ultra-
sound tomographic image; and an image scan history
marker showing at least one of a position and an orien-
tation with respect to the model image, of a region where
the ultrasound tomographic image has been scanned in
the past.

[0008] The above and other objects, features and ad-
vantages of the invention will become more clearly un-
derstood from the following description referring to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1is a view showing a configuration of a medical
guiding system.

FIG. 2 is a view showing four body surface detection
coils mounted on sample points of a subject.

FIG. 3 is a view conceptually showing reference im-
age data stored in areference image storage portion.
FIG. 4 is a view showing a configuration of a voxel
space.

FIG. 5 is a flowchart of a main routine showing an
entire action of the medical guiding system.

FIG. 6 is a flowchart showing a display processing
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of an ultrasound tomographic image and a three-
dimensional guide image.

FIG. 7 is a table showing one example of image scan
region data.

FIG. 8 is a view describing the three-dimensional
guide image.

FIG. 9 is a view describing mixed data displayed on
a display apparatus.

FIG. 10is atable showing one example of files saved
in a tomographic-image-for-saving storage portion.
FIG. 11 is a flowchart showing a creation processing
of three-dimensional guide image data.

FIG. 12 is one example of athree-dimensional model
image of an organ of interest.

FIG. 13isaviewdescribing the concept of coordinate
transformation.

FIG. 14 is a view describing an image scan history
reproduced image.

FIG. 15 is a view describing an image scan history
marker according to a second embodiment.

FIG. 16 is a view describing an image scan history
marker according to a third embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0010] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. In
the embodiments described below, description will be
made assuming that an ultrasound endoscope is used
as a medical instrument, and a medical guiding system
creates a guide image to support operation of the ultra-
sound endoscope. Note that the present invention is not
limited to the shape, the size ratio, or arranging position
of each of the components and the like shown in the
drawings.

(First Embodiment)

[0011] Hereinafter, a first embodiment of the present
invention is described with reference to FIGS. 1 to 14.
FIG. 1 is a block diagram showing a configuration of a
medical guiding system. FIG 2 is a view showing four
body surface detection coils mounted on sample points
of a subject. FIG 3 is a view conceptually showing refer-
ence image data stored in a reference image storage
portion. FIG. 4 is a view showing a configuration of a
voxel space.

[0012] A medical guiding system 1 of the present em-
bodiment is a system for performing a guide to support
diagnosis operation by an ultrasound endoscope 2 as a
medical instrument. The medical guiding system 1 of the
present embodiment includes the ultrasound endoscope
2, an ultrasound observation apparatus 3, a position/ori-
entation calculation apparatus 4, an image processing
apparatus 5, a display apparatus 8, an optical observa-
tion apparatus 10, and an input apparatus 11. The ap-
paratuses are connected with each other by wired or wire-
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less communication means.

[0013] Inaddition, the medical guiding system 1is con-
nected to a network 14 provided outside of the medical
guiding system 1, which uses an optical fiber, an electrical
cable, or wireless communication and the like. The net-
work 14 is connected with an X-ray three-dimensional
helical CT apparatus (X-ray three-dimensional computed
tomography system) 16, a three-dimensional MRI appa-
ratus (three-dimensional magnetic resonance imaging
system) 15, and an external storage apparatus 17. The
medical guiding system 1 is capable of transmitting and
receiving data to and from the three-dimensional MRI
apparatus 15, the X-ray three-dimensional helical CT ap-
paratus 16, and the external storage apparatus 17, via
the network 14.

[0014] The ultrasound endoscope 2 as a medical in-
strument includes: a rigid portion 21 configured of a rigid
material such as stainless steel and disposed at a distal
end of an insertion portion to be inserted into a body
inside such as an esophagus, a stomach, and a duode-
num; a long flexible portion 22 configured of a flexible
material and disposed on a proximal end side of the rigid
portion 21; and an operation portion 23 configured of a
rigid material and disposed on a proximal end side of the
flexible portion 22. An operator grasps the operation por-
tion 23 to operate the ultrasound endoscope 2. In addi-
tion, the ultrasound endoscope 2 is electrically connected
to the ultrasound observation apparatus 3, the optical
observation apparatus 10, and the position/orientation
calculation apparatus 4 via a connector not shown.
[0015] The rigid portion 21 includes an image pickup
apparatus 27, an ultrasound transducer array 31, and an
image position/orientation detection coil 44. The image
pickup apparatus 27 includes: a CCD (Charge Coupled
Device) 26 as animage pickup device; a lens 25 for form-
ing an image of a subject on a light-receiving surface of
the CCD 26; and the like, and serves as an apparatus
for optically picking up an image of inside of the body
through an optical observation window 24 made of glass.
The rigid portion 21 is provided with an illumination ap-
paratus, not shown, for irradiating illumination light in a
field of view direction of the image pickup apparatus 27.
The image pickup apparatus 27 acquires an optical im-
age of the body inside illuminated by the illumination ap-
paratus to output the acquired image as a CCD signal to
the optical observation apparatus 10.

[0016] The ultrasound transducer array 31 is a so-
called electronic radial scan ultrasound transducer array
and configured of a plurality of ultrasound transducers
annularly disposed around an insertion axis along an in-
sertion direction of the rigid portion 21 into the body. The
ultrasound transducer array 31 transmits and receives
an ultrasound beam while scanning in a radiation direc-
tion at a predetermined time interval on a plane orthog-
onal to the insertion axis to acquire an echo signal re-
quired for acquiring an ultrasound tomographic image,
and outputs the acquired echo signal to the ultrasound
observation apparatus 3.
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[0017] The ultrasound transducer array 31 is electri-
cally connected to the ultrasound observation apparatus
3. The ultrasound observation apparatus 3 controls in-
tensity, angle, focus, and the like of the ultrasound beam
transmitted by the ultrasound transducer array 31, and
also generates ultrasound tomographic image data on a
scanning surface based on the echo signal acquired by
the ultrasound transducer array 31 and outputs the gen-
erated ultrasound tomographic image data.

[0018] Note that a coordinate system fixed in a real
space is defined as orthogonal coordinate axes O-xyz
below. In the present embodiment, as shown in FIG. 2
for example, the position of the orthogonal coordinate
axes O-xyz is fixed with respect to an examination table
on which a subject 100 lies at the time of ultrasound di-
agnosis.

[0019] In addition, a plane to be scanned by the ultra-
sound transducer array 31 is called as a radial scanning
surface SP. Furthermore, orthonormal bases (unit vec-
tors of the respective directions) V, V3, and V12 fixed to
the rigid portion 21 are defined as shown in FIG. 1. That
is, in a case where the base vector V is assumed to be
parallel to an insertion axis direction of the rigid portion
21, in other words, a normal direction vector of the radial
scanning surface SP, and a predetermined scan direction
of the ultrasound transducer array 31 is assumed to be
the twelve o’clock direction, the base vector to orient in
the three o’clock direction is defined as V3, and the base
vector to orient in the twelve o’clock direction is defined
as V12. Note that, though vectors are normally described
in bold italics, the vectors are denoted in normal alpha-
numeric characters in the present embodiment. In addi-
tion, a scanning range by the ultrasound transducer array
31 on the surface to be scanned by the ultrasound trans-
ducer array is referred to as an image scan range R of
ultrasound tomographic image data.

[0020] Theimage position/orientation detection coil 44
is disposed in the rigid portion 21 so as to be located in
the vicinity of the center of the circular ultrasound trans-
ducer array 31 with the positional relationship with re-
spect to the ultrasound transducer array 31 fixed. The
image position/orientation detection coil 44 includes in-
tegrally formed two coils respectively wound around the
axes parallel to the base vectors V and V3. In addition,
the center of the image position/orientation detection coll
44 is defined as a position O". Note that, in FIG. 1, the
image position/orientation detection coil 44 is shown
apart from the center of the ultrasound transducer array
31 for the convenience of description.

[0021] That is, the position O" of the image position/
orientation detection coil 44 generally coincides with a
scanning center position of the ultrasound transducer ar-
ray 31, and indicates a center position of the image scan
range R of ultrasound tomographic image data in the
present embodiment. In addition, the base vectors V, V3,
and V12 indicate an orientation of ultrasound tomograph-
ic image data.

[0022] The position/orientation calculation apparatus
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4 as a detection portion is connected to the image posi-
tion/orientation detection coil 44 disposed in the rigid por-
tion 21 of the ultrasound endoscope 2 via an A/D con-
version apparatus 46 and is also electrically connected
to a transmission antenna 41. The position/orientation
calculation apparatus 4 is connected to body surface de-
tection coils 42 via an A/D conversion apparatus 45.
Moreover, the position/orientation calculation apparatus
4 is electrically connected to an image processing appa-
ratus 5 via a cable of the RS-232C standard, for example.
[0023] The transmission antenna 41 includes a plural-
ity of magnetic field generation coils of different winding
axes orientation, not shown, and generates an alternat-
ing magnetic field in response to an output from the po-
sition/orientation calculation apparatus 4.

[0024] The transmission antenna 41 is arranged with
the position thereof being fixed in a real space. In the
present embodiment, the transmission antenna 41 is ar-
ranged such that the position thereof is fixed with respect
to the examination table on which the subject 100 lies at
the time of ultrasound diagnosis. That is, in the present
embodiment, the position of the transmission antenna 41
is fixed on the orthogonal coordinate axes O-xyz.
[0025] The A/D conversion apparatuses 45, 46 include
an amplifier, not shown, for amplifying an inputted signal,
and an analog-digital conversion circuit, not shown, for
sampling the amplified signal to convert the signal into
digital data.

[0026] Theimage position/orientation detection coil 44
disposed in the rigid portion 21 of the ultrasound endo-
scope 2 detects the alternating magnetic field generated
by the transmission antenna 41 and converts the detect-
ed alternating magnetic field into an position electric sig-
nal to output the position electric signal to the A/D con-
version apparatus 46.

[0027] In addition, the plurality of body surface detec-
tion coils 42 respectively include coils for detecting the
alternating magnetic field generated by the transmission
antenna 41 and convert the alternating magnetic field
detected by the coils into a position electric signals to
output the position electric signals to the A/D conversion
apparatus 45.

[0028] The position/orientation calculation apparatus
4 calculates the respective positions and the orientations
of the image position/orientation detection coil 44 and
the plurality of body surface detection coils 42 with re-
spect to the transmission antenna 41, based on the po-
sition electric signals respectively outputted from the im-
age position/orientation detection coil 44 and the body
surface detection coils 42 and converted into digital data
by the A/D conversion apparatuses 45, 46.

[0029] Specifically, the position/orientation calculation
apparatus 4 calculates the center position O" of the im-
age position/orientation detection coil 44 and the base
vectors V and V3 on the orthogonal coordinate axes O-
xyz, based on the position electric signal outputted from
the image position/orientation detection coil 44 com-
posed of two coils respectively wound around axes par-
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allel to the base vectors V and V3, to output the informa-
tion on the center position and base vectors to the image
processing apparatus 5.

[0030] Furthermore, the position/orientation calcula-
tion apparatus 4 calculates the positions and orientations
of the body surface detection coils 42 on the orthogonal
coordinate axes O-xyz, based on the position electric sig-
nals outputted from the body surface detection coils 42,
to output the information on the positions and orientations
to the image processing apparatus 5.

[0031] In the present embodiment, four body surface
detection coils 42 are mounted and fixed in the vicinity
of four characteristic points on the body surface of the
subject 100 (hereinafter, characteristic points on the body
surface of the subject 100 are simply referred as sample
points) by a tape, a belt, a band, an adhesive, negative
pressure absorption, or the like.

[0032] Note that four sample points Al to A4 are de-
fined as follows in the present embodiment. That is, the
sample point Al is defined as "xiphoid process", the sam-
ple point A2 as "left anterior superior iliac spine" on the
left side of the pelvis, the sample point A3 as "right an-
terior superior iliac spine" on the right side of the pelvis,
and the sample point A4 as "spinous process of vertebral
body" in the middle of the left and right anterior superior
iliac spines on the spine (see FIG. 2).

[0033] Asthefoursample points Alto A4, points which
are not located on the same plane are adopted. There-
fore, as shown in FIG. 2, it is possible to calculate an
oblique coordinate system with the xiphoid process (the
sample point Al) set as the origin and with the three
vectors directed to other sample points A2 to A4 as fun-
damental vectors, on the orthogonal coordinate axes O-
XyZ.

[0034] Note that the four sample points Al to A4 are
not limited to those shown in the present embodiment,
and appropriately changed depending on a configuration
of a medical instrument to be used or on a region with
respect to which the medical instrument is used. In ad-
dition, it is preferable that the four sample points Al to
A4 are characteristic points on the skeleton of the subject
100 and the positions thereof can be specified by the
operator’s palpation.

[0035] The calculation of the position O" of the image
position/orientation detection coil 44 and the base vec-
tors V, V3 and the calculation of the positions and the
orientations of the four body surface detection coils 42
are performed by the position/orientation calculation ap-
paratus 4 synchronously with the timing of acquiring ul-
trasound tomographic image data by the ultrasound ob-
servation apparatus 3.

[0036] Hereinafter, among the data calculated by the
position/orientation calculation apparatus 4 and output-
ted to the image processing apparatus 5, the x-, y- and
z-coordinate values of the position O" of the image po-
sition/orientation detection coil 44, the x-, y- and z-coor-
dinate components of the base vector V, the x-, y- and
z-coordinate components of the base vector V3 on the
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orthogonal coordinate axes O-xyz are referred to
as "image position/orientation detection coil position/ori-
entation data".

[0037] In addition, among the data calculated by the
position/orientation calculation apparatus 4 and output-
ted to the image processing apparatus 5, the x-, y- and
z-coordinate values of each of the four body surface de-
tection coils 42 on the orthogonal coordinate axes O-xyz
are referred to as "body surface detection coil position
data".

[0038] Furthermore, the data acquired by combining
"the image position/orientation detection coil position/ori-
entation data" and the "body surface detection coil posi-
tion data"is only referred to as "position/orientation data".
[0039] Next, the configuration of the image processing
circuit 5 will be described. As shown in FIG. 1, the image
processing apparatus 5 includes a communication circuit
51, areference image storage portion 52, an image scan
region storage portion 53, a cine memory 54, a tomo-
graphic-image-for-saving storage portion 55, a three-di-
mensional guide image creation circuit 65, a mixing cir-
cuit 67, a display circuit 68, and a control circuit 60.
[0040] The control circuit 60 as a control portion in-
cludes an arithmetic device, a storage device, an input/
output device, and the like, and controls the action of the
image processing apparatus 5. The control circuit 60 is
electrically connected to the potions or circuits in the im-
age processing apparatus 5 via signal lines not shown.
In addition, in the present embodiment, the control circuit
60 also controls the actions of the ultrasound observation
apparatus 3 and the position/orientation calculation ap-
paratus 4.

[0041] The control circuit 60 is electrically connected
with the input apparatus 11 as an instruction portion. The
input apparatus 11 of the present embodiment is com-
posed of a keyboard 12 and a mouse 13. The control
circuit 60 controls the action of the medical guiding sys-
tem 1 based on an instruction from an operator inputted
through the input apparatus 11. In the present embodi-
ment, the keyboard 12 is provided with a group of keys
including a tomographic image one-sheet saving key
12a, a tomographic image successive saving key 12b,
and a scan start/termination key 12c.

[0042] Note that the input apparatus 11 is configured
of the keyboard 12 and the mouse 13 in the present em-
bodiment. However, this is one example of the input ap-
paratus, and the input apparatus 11 is not limited to the
configuration in the present embodiment. The input ap-
paratus 11 may be configured of a pointing device such
as a trackball and a touch panel, or a switch such as a
push switch and rotary switch, for example. Furthermore,
the input apparatus 11 may be such one that the operator
can input an operation instruction by voice or gesture.
[0043] The reference image storage portion 52 is con-
figured for example of a flash memory, a hard disk drive,
a tape drive, and the like that are capable of storing a
large volume of data. The reference image storage por-
tion 52 stores a group of reference image data GRD as
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information on anatomical three-dimensional image of a
human body.

[0044] The group of reference image data GRD is ac-
quired such that the data of human body tomographic
image acquired from a predetermined human body by
the X-ray three-dimensional helical CT apparatus 16, the
three-dimensional MRI apparatus 15, or the like, and
stored in an external storage apparatus 17 is inputted to
the image processing apparatus 5 via the network 14.
As shown in FIG. 3, the group of reference image data
GRD is data composed of collection of tomographic im-
ages RD of a square region with a side of several tens
of centimeters of the cross section which is essentially
perpendicular to the body axis (linear axis passing
through from the head to the feet). The tomographic im-
ages RD are acquired at a pitch of 0.5 millimeters to sev-
eral millimeters along the body axis, for example. Here,
in the group of reference image data GRD shown in FIG.
3, the lower direction when facing the figure is the dorsal
direction of the human body, and the depth direction from
the front of the figure is the head direction of the human
body.

[0045] Note that the group of reference image data
GRD may be acquired from the subject 100 himself/her-
self, or from a different one or a plurality of human bodies.
In addition, the group of reference image data GRD may
be acquired from different human bodies in advance for
each condition such as physical features of the human
body including body height or body size, and sex. In ad-
dition, the group of reference image data GRD may be
directly inputted to the image processing apparatus 5
from the X-ray three-dimensional helical CT apparatus
16 or the three-dimensional MRI apparatus 15 via the
network 14 to be stored in the reference image storage
portion 52.

[0046] Furthermore, as shown in FIG. 3, orthogonal
coordinate axes O’-x'y'z’ fixed with respect to the group
of reference image data GRD are defined. Here, an origin
O’ is defined at lower left of the reference image data RD
closest to the feet, and the x’ axis and the y’ axis are
defined to be parallel to the lateral side and the longitu-
dinal side, respectively. That is, the z' axis is parallel to
the body axis.

[0047] In the present embodiment, as one example,
the group of reference image data GRD is configured of
a plurality of tomographic images RD of the abdominal
region of the human body that are acquired by the X-ray
three-dimensional helical CT apparatus 16. Under the
effect of X-ray contrast agent, blood vessels 111 such
as an aorta are displayed at a high luminance, organs
such as a pancreas 110 which contain a large number
of peripheral arteries are displayed at a medium lumi-
nance, and a duodenum 112 and the like are displayed
at a low luminance.

[0048] The three-dimensional guide image creation
circuit 65 includes an arithmetic device, an extraction cir-
cuit, a volume memory, and the like, for fast three-dimen-
sional image processing.
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[0049] The volume memory is capable of storing a
large volume of data. A voxel space is assigned to at
least a part of the storage region of the volume memory.
The voxel space is composed of memory cells (herein-
afterreferred to as voxels) having addresses correspond-
ing to the orthogonal coordinate axes O’-X'y’z’ set for the
group of reference image data GRD, as schematically
shown in FIG. 4.

[0050] The extraction circuit extracts data of an organ
of interest as a predetermined organ of a human body
from the group of reference image data GRD stored in
the reference image storage portion 52 to write the data
in the voxel space in the volume memory as extracted
data. The extracted data configures the three-dimension-
al modelimage of the organ of interest in the voxel space.
[0051] In addition, though detailed description will be
made later, the three-dimensional guide image creation
circuit 65 calculates index data, as three-dimensional im-
age data expressing in the voxel space the position and
orientation of the image scan range R of the ultrasound
tomographic image data in the real space, by a known
coordinate transformation and the like based on the po-
sition/orientation data and the like, to further create syn-
thetic data by synthesizing the index data and the ex-
tracted data.

[0052] The index data is image data configured of at
least one of an ultrasound tomographic image marker
indicating the image scan range R of the latest ultrasound
tomographic image data on the orthogonal coordinate
axes O’-x'y'z’ and an image scan history marker indicat-
ing a region where an ultrasound tomographic image da-
ta has been acquired on the orthogonal coordinate axes
O’-xX’y'z’ in the past.

[0053] Then, the three-dimensional guide image cre-
ation circuit 65 reads out synthetic data from the voxel
space in the volume memory to executes a known three-
dimensional image processing such as hidden surface
removal, shading, and coordinate transformation for
changing the viewpoint, and creates the three-dimen-
sional guide image data.

[0054] The mixing circuit 67 generates mixed data by
synthesizing the ultrasound tomographic image data out-
putted from the ultrasound observation apparatus 3 and
the three-dimensional guide image data outputted from
the three-dimensional guide image creation circuit 65.
[0055] The display circuit 68 converts the mixed data
outputted from the mixing circuit 67 into a video signal to
output the video signal to the display apparatus 8. In ad-
dition, the display circuit 68 also has a configuration to
convert the optical image data outputted from the optical
observation apparatus 10 into a video signal and output
the video signal to the display apparatus 8.

[0056] The display apparatus 8 includes an image dis-
play portion such as a cathode ray tube monitor, or a
liquid crystal monitor, and has a configuration to display
an image based on the video signal on the image display
portion.

[0057] The cine memory 54 is configured of a memory
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serving as a high-speed readable/writable storage de-
vice. The cine memory 54 stores a series of plurality of
ultrasound tomographic image data acquired by succes-
sive radial scans by the ultrasound transducer array 31,
a plurality of position/orientation data calculated in syn-
chronization with the respective acquisitions of plurality
of ultrasound tomographic image data, and serial num-
bers attached to the respective plurality of ultrasound to-
mographic image data, in association with one another.
[0058] The image scan region storage portion 53 is
configured of a memory serving as a high-speed reada-
ble/writable storage device.

[0059] The tomographic-image-for-saving storage
portion 55 is configured for example of a flash memory,
ahard disk drive, atape drive, or the like. The tomograph-
ic-image-for-saving storage portion 55 stores the data
instructed to be saved by the operator through the input
apparatus 11, among the plurality of ultrasound tomo-
graphic image data and the data associated with the plu-
rality of ultrasound tomographic image data that are
stored in the cine memory 54.

[0060] Here, the saving instruction from the operator
is made by the operator’s depression of the tomographic
image one-sheet saving key 12a or the tomographic im-
age successive saving key 12b onthe keyboard 12 during
the scan by the ultrasound transducer array 31 of the
ultrasound endoscope 2.

[0061] In the present embodiment, when the tomo-
graphic image one-sheet saving key 12a is depressed
by the operator, one latest ultrasound tomographicimage
data at the time and the position/orientation data at the
time of acquiring the ultrasound tomographic image data
are read out from the cine memory 54 to be stored in the
tomographic-image-for-saving storage portion 55 as to-
mographic-image-for-saving data which is a still image.
[0062] Furthermore, whenthetomographicimage suc-
cessive saving key 12b is depressed by the operator, all
of the ultrasound tomographic image data stored in the
cine memory 54 at the time when the tomographic image
successive saving key 12b was depressed are read out
to be stored in the tomographic-image-for-saving storage
portion 55 as the tomographic-image-for-saving data
which is a moving image. That is, when the tomographic
image successive saving key 12b is depressed by the
operator, the tomographic-image-for-saving data is the
moving image configured of a plurality of ultrasound to-
mographic image data successively acquired at prede-
termined time intervals. At the same time, the position/
orientation data associated with all of the ultrasound to-
mographic image data stored in the cine memory 54 are
also stored in the tomographic-image-for-saving storage
portion 55.

[0063] Next, the action of the medical guiding system
1 including the above configuration according to the
presentembodiment at the time of diagnosis is described
according to an actual usage pattern by the operator. FIG
5is a flowchart of a main routine showing an entire action
of the medical guiding system. FIG. 6 is a flowchart show-
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ing a display processing of an ultrasound tomographic
image and a three-dimensional guide image. FIG. 7 is a
table showing one example of image scan region data.
FIG. 8 is a view describing a three-dimensional guide
image. FIG. 9 is a view describing mixed data displayed
on a display apparatus. FIG 10 is a table showing one
example of files saved in a tomographic-image-for-sav-
ing storage portion. FIG. 11 is a flowchart showing a cre-
ation processing of three-dimensional guide image data.
FIG. 12 is one example of a three-dimensional model
image of an organ of interest. FIG. 13 is a view describing
the concept of coordinate transformation. FIG. 14 is a
view describing an image scan history reproduced im-
age.

[0064] Note that description will be made hereinafter
taking as an example a case where a diagnosis is per-
formed by inserting the rigid portion 21 and the flexible
portion 22 of the ultrasound endoscope 2 into the body
of the subject 100 and the pancreas is extracted and
displayed as the organ of interest at the time of perform-
ing diagnosis.

[0065] First, the control circuit 60 acquires information
on the organ of interest indicating the kind of the organ
to be diagnosed (step S01). Here, the control circuit 60
displays options on the display apparatus 8 to prompt
the operator to select an organ of the human body. Then,
the operator specifies one or a plurality of organs of in-
terest from the options of the organs displayed on the
display apparatus 8 through the input apparatus 11, and
thereby the information on the organ of interestis inputted
to the control circuit 60. In the present embodiment, the
pancreas is specified as the organ of interest as de-
scribed above.

[0066] Note that the selection screen of the organs of
interest which is displayed on the display apparatus 8
may display the information on the organs of the human
body by a two-dimensional or three-dimensional image
on which the operator visually selects the organ of inter-
est. Alternatively, the organs of the human body may be
displayed as character strings from which the operator
selects the organ of interest.

[0067] Next, the control circuit 60 sets a plurality of
feature points A’ in the group of reference image data
GRD by an input of instruction by the operator or an au-
tomatic calculation, to execute a processing of acquiring
the coordinates on the orthogonal coordinate axes O’-
x'y'z’ of the plurality of feature points A’ (step S02). The
plurality of feature points A’ in the group of reference
image data GRD anatomically correspond to the plurality
of sample points A on the body surface or inside the body
of the subject 100.

[0068] In the present embodiment, the feature points
A’ are the feature points A1’ to A4’ respectively corre-
sponding to the sample points Al to A4. That is, the fea-
ture points A1’, A2’, A3’ and A4’ are pixels in the group
of reference image data GRD corresponding to the xi-
phoid process, the left anterior superior iliac spine, the
right anterior superior iliac spine, and the spinous proc-
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ess of vertebral body, respectively.

[0069] Inthe step S02, the pixels corresponding to the
plurality of feature points A1’ to A4’ in the group of refer-
ence image data GRD are specified by the input from the
operator through the input apparatus 11, for example,
thereby acquiring and storing the coordinates on the or-
thogonal coordinate axes O’-x'y’z’ of the respective plu-
rality of feature points A1’ to A4'.

[0070] Next, the control circuit 60 provides a display
to prompt the operator to mount the body surface detec-
tion coils 42 on the subject 100 on the display apparatus
8 (step S03). The operator mounts and fixes the body
surface detection coils 42 in the vicinity of sample points
on the body surface of the subject 100.

[0071] In the present embodiment, the four body sur-
face detection coils 42 are respectively mounted by the
operator in the vicinity of the sample point A 1 (xiphoid
process), the sample point A2 (left anterior superior iliac
spine), the sample point A3 (right anterior superior iliac
spine), and the sample point A4 (spinous process of ver-
tebral body) of the subject 100.

[0072] Next, the control circuit 60 executes a display
processing, to be described in detail later, of the ultra-
sound tomographic image and the guide image (step
S04). Inthe step S04, the operator inserts the rigid portion
21 and the flexible portion 22 of the ultrasound endo-
scope 2 into the body of the subject 100 and makes di-
agnosis while referring to the ultrasound tomographic im-
age data and the three-dimensional guide image data
displayed on the display apparatus 8.

[0073] The control circuit 60 repeatedly executes the
processing in the step S04 until an inspection termination
key not shown on the keyboard 12 is depressed by the
operator (step S05). In the step S05, when determining
that the inspection termination key has been depressed
by the operator, the control circuit 60 associates image
scan region data 70 stored in the image scan region stor-
age portion 53 with the ultrasound tomographic image
data stored in the tomographic-image-for-saving storage
portion 55, to execute termination processing.

[0074] Next, with reference to the flowchart in FIG. 6,
description is made in detail on the display processing
of the ultrasound tomographic image and the three-di-
mensional guide image in the step S04 in the flowchart
shown in FIG. 5.

[0075] First, the control circuit 60 stands by until the
operator depresses the scan start/termination key 12c
on the keyboard 12 to give an instruction to start radial
scan (step S11). When determining that the scan start/
termination key 12c¢ on the keyboard 12 was depressed
and instruction to start the radial scan was inputted, the
control circuit 60 executes an initial processing for start-
ing radial scan by the ultrasound transducer array 31,
and the procedure moves on to the step S12.

[0076] Next, the three-dimensional guide image crea-
tion circuit 65 acquires the position/orientation data out-
putted from the position/orientation calculation apparatus
4 (step S12). The position/orientation data is configured
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of the data of the position O" and the orientation of the
image position/orientation detection coil 44 and the data
of the respective positions of the four body surface de-
tection coils 42, on the orthogonal coordinate axes O-xyz.
[0077] Next, the three-dimensional guide image crea-
tion circuit 65 assigns a serial number to the position/
orientation data acquired in the step S12 to store the
serial number and the position/orientation data in the im-
age scan region storage portion 53 as the image scan
region data 70 (step S13). The image scan region data
70 is matrix-shaped data as shown in the table in FIG 7.
[0078] The column direction of the image scan region
data 70 is configured of five kinds of data, that is, "serial
number 71", "image position/orientation detection coil
position/orientation data 72", "body surface detection coil
position data 73", "tomographic image one-sheet saving
flag 74", and "tomographic image successive saving flag
75"

[0079] In the image scan region data 70, every time
the step S 13 is executed, the latest data regarding the
kinds of datain the column direction are sequentially add-
ed in the row direction.

[0080] The serial number 71 is a natural number not
less than 1, and is data such that the first value of which
immediately after the start instruction of the radial scan
is set to 1, and thereafter every time the step S 13 is
executed, the value is incremented by one, like 2, 3, 4,
etc. Thatis, the serial number 71 is a value indicating the
data acquisition order.

[0081] As described above, the image position/orien-
tation detection coil position/orientation data 72 is the
data in which the values of coordinates and coordinate
components on the orthogonal coordinate axes O-xyz
are described in the following order: the x-, y- and z-
coordinate values of the position O" of the image position/
orientation detection coil 44; the x-, y- and z-coordinate
components of the base vector V; and the x-, y- and z-
coordinate components of the base vector V3.

[0082] The body surface detection coil position data
73 is the data in which the respective x-, y- and z-coor-
dinate values on the orthogonal coordinate axes O-xyz
of the four body surface detection coils 42 are described.
In the present embodiment, the respective x-, y- and z-
coordinate values of the body surface detection coils 42
mounted on the sample points Al to A4 of the subject
100 are described in the order of the sample points Al,
A2, A3, and A4.

[0083] Though details will be described later, the tom-
ographic image one-sheet saving flag 74 and the tomo-
graphic image successive saving flag 75 are binary data
of 0 or 1, and 0 is written when newly described.

[0084] Specifically, in the step S 13, the three-dimen-
sional guide image creation circuit 65 first reads the larg-
est value of the serial numbers 71 in the image scan
region data 70. Then the three-dimensional image crea-
tion circuit 65 creates and adds a data row having a new
serial number acquired by adding one to the largest serial
number 71, and then further writes the latest image po-
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sition/orientation detection coil position/orientation data
72 and the body surface detection coil position data 73
that are acquired in the immediately preceding step S12,
into the data row having the new serial number. In addi-
tion, the three-dimensional image creation circuit 65
writes the value 0 as the respective values of the tomo-
graphic image one-sheet saving flag 74 and the tomo-
graphic image successive saving flag 75, into the data
row having the new serial number.

[0085] Note that, if the image scan region data 70 is
not stored in the image scan region storage portion 53
in the step S 13, the three-dimensional guide image cre-
ation circuit 65 newly creates a file of the image scan
region data 70 in which to write a data row, the serial
number 71 of which is 1. Then, the three-dimensional
guide image creation circuit 65 writes the latest image
position/orientation detection coil position/orientation da-
ta 72 and the body surface detection coil position data
73, which are acquired in the immediate preceding step
S12, into the data row, the serial number 71 of which is
1. Furthermore, the three-dimensional guide image cre-
ation circuit 65 writes the value 0 as the respective values
of the tomographic image one-sheet saving flag 74 and
the tomographic image successive saving flag 75, into
the data row, the serial number of which is 1.

[0086] Next, the mixing circuit 67 acquires the ultra-
sound tomographic image data outputted from the ultra-
sound observation apparatus 3 (step S 14). The ultra-
sound tomographic image data is acquired synchronous-
ly with the position/orientation data.

[0087] Next, the control circuit 60 stores in the cine
memory 54 the ultrasound tomographic image data ac-
quired by the mixing circuit 67 in the step S 14, the po-
sition/orientation data acquired in the step S12, and the
serial number assigned to the position/orientation data
in step S 13, in association with one another (step S 15).
[0088] That is, every time the step S 15 is executed,
four kinds of data, i.e., the ultrasound tomographic image
data, the image position/orientation detection coil posi-
tion/orientation data, the body surface detection coil po-
sition data, and the serial number are stored in associa-
tion with one another as one set of data, in the cine mem-
ory 54.

[0089] Inthe step S 15, when no storage capacity for
storing new set of data is left in the cine memory 54, the
above-described new set of data is stored after one set
of data with the smallest serial number is deleted.
[0090] Next, the three-dimensional image creation cir-
cuit 65 creates the three-dimensional guide image data
as shown in FIG. 8 by a method to be described later in
detail, to output the created three-dimensional guide im-
age data to the mixing circuit 67 (step S16). Roughly
describing, the three-dimensional guide image data is
three-dimensional image data indicating the positions of
the image scan range R of the past and the latest ultra-
sound tomographic image data with respect to an organ
of interest. Note that the viewpoint of the three-dimen-
sional guide image data as the three-dimensional image
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data can be set at an arbitrary position by an instruction
inputted by the operator.

[0091] Next, the mixing circuit 67 creates mixed data
for display as shown in FIG. 9 by synthesizing the ultra-
sound tomographic image data acquired in the step S 14
and the three-dimensional guide image data inputted in
the step S16. Then, the display circuit 68 converts the
mixed data created by the mixing circuit 67 into a video
signal to output the video signal to the display apparatus
8. The display apparatus 8 adjacently displays the ultra-
sound tomographic image data and the three-dimension-
al guide image data, based on the video signal (step S
17).

[0092] Next, the control circuit 60 determines whether
or not the tomographic image one-sheet saving key 12a
on the keyboard 12 has been depressed by the operator
during the execution of the steps S12to S 17 (step S 18).
[0093] In the step S 18, when the control circuit 60
determines thatthe tomographic image one-sheet saving
key 12a has been depressed, the procedure moves on
to step S 19. On the other hand, in the step S 18, when
the control circuit 60 determines that the tomographic
image one-sheet saving key 12a is not depressed, the
procedure moves on to step S21.

[0094] Inthe step S 19, the control circuit 60 stores in
the tomographic-image-for-saving storage portion 55 the
latest data stored in the cine memory 54, i.e, the latest
ultrasound tomographic image data, image position/ori-
entation detection coil position/orientation data, and body
surface detection coil position data, in association with
one another.

[0095] Next, in the step S20, the control circuit 60 re-
writes to 1 the value of the tomographic image one-sheet
saving flag 74 in the latest data row in the image scan
region data 70 stored in the image scan region storage
portion 53, to update the image scan region data 70. In
other words, in the step S20, rewriting is performed on
the data row in the image scan region data 70, including
the value of the serial number corresponding to the ul-
trasound tomographic image data saved in the tomo-
graphic-image-for-saving storage portion 55 in the step
S19. Then the procedure moves on to the step S21.
[0096] Inthestep S21,the control circuit 60 determines
whether or notthe tomographic image successive saving
key 12b on the keyboard 12 has been depressed by the
operator during the execution of the steps S12to S 17.
[0097] Inthe step S21, when the control circuit 60 de-
termines that the tomographic image successive saving
key 12b has been depressed, the procedure moves on
to step S22. On the other hand, in the step S21, when
the control circuit 60 determines that the tomographic
image successive saving key 12b is not depressed, the
procedure moves on to step S24.

[0098] In the step S22, the control circuit 60 stores in
the tomographic-image-for-saving storage portion 55 all
of the data stored in the cine memory 54, i.e, all of the
ultrasound tomographic image data, the image position/
orientation detection coil position/orientation data, and
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the body surface detection coil position data, in associ-
ation with one another.

[0099] For example, at the time of execution of the
processing in step S22, when data of five sheets of ul-
trasound tomographicimages corresponding to the serial
number values 4 to 8 and the position/orientation data
corresponding to the five sheets of the ultrasound tom-
ographic images are stored in the cine memory 54, all of
the data are saved in the tomographic-image-for-saving
storage portion 55 by the processing of the step S22.
[0100] In this case, specifically, together with data of
the five sheets of ultrasound tomographic images, one
file as shown in FIG. 10, in which the serial numbers and
the position/orientation data corresponding to the five
sheets of ultrasound tomographic images are described,
is saved in the tomographic-image-for-saving storage
portion 55. In addition, the data of the five sheets of ul-
trasound tomographic images are saved with the same
file names as the corresponding serial numbers. That is,
the ultrasound tomographic image data are associated
with the serial numbers and the position/orientation data
by the file names.

[0101] Next, in the step S23, the control circuit 60 re-
writes to 1 the value of the tomographic image successive
saving flag 75 in the data row corresponding to the ultra-
sound tomographic image saved in the step S22 in the
image scan region data 70 stored in the image scan re-
gion storage portion 53, to update the image scan region
data 70. In other words, in the step S23, rewriting is per-
formed on the data row in the image scan region data
70, the data row including the value of the serial number
corresponding to the ultrasound tomographic image data
saved in the tomographic-image-for-saving storage por-
tion 55 in the step S22. Then the processing moves on
to the step S24.

[0102] Next, in the step S24, the control circuit 60 de-
termines whether or not the scan start/termination key
12c on the keyboard 12 has been depressed by the op-
erator during the execution of the steps S12 to S23.
[0103] Inthe step S24, when the control circuit 60 de-
termines that the scan start/termination key 12¢ has not
been depressed in the step S24, the procedure returns
to the step S12 and the above-described processings
are repeated.

[0104] Thus, the medical guiding system 1 of the
present embodiment repeatedly executes the steps S12
to S23 at a predetermined cycle until the scan start/ter-
mination key 12c is depressed again, thereby sequen-
tially creating new three-dimensional guide image data,
to display in real time the created three-dimensional
guide image data together with new ultrasound tomo-
graphic image data on the image display portion of the
display apparatus 8.

[0105] On the other hand, in the step S24, when the
control circuit 60 determines that the scan start/termina-
tion key 12c¢ has been depressed, the procedure moves
on to the step S25, and the control circuit 60 outputs a
signalfor stopping the radial scan by the ultrasound trans-
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ducer array 31 to the ultrasound observation apparatus
3 to terminate the radial scan, thereby terminating the
display processing of the ultrasound tomographic image
and the three-dimensional guide image.

[0106] Next, with reference to the flowchart in FIG. 11,
description will be made on the detail of the creation
processing of the three-dimensional guide image data in
the step S16 in the flowchart shown in FIG. 6.

[0107] First, the three-dimensional image creation cir-
cuit 65 reads the group of reference image data GRD
stored in the reference image storage portion 52 (step
S31).

[0108] Next, the three-dimensional image creation cir-
cuit 65 extracts the data of the organ of interest from the
group of reference image data GRD to write the data in
the voxel space in the volume memory as extracted data
(step S32). The three-dimensional image creation circuit
65 creates the three-dimensional model image display-
ing only the pancreas 110 as the organ of interest and
the blood vessels 111 as shown in FIG. 12 for example,
as extracted data, and writes the extracted data in the
voxel space.

[0109] Next, the three-dimensional guide image crea-
tion circuit 65 defines a variable i to be stored therein,
and sets the value of the variable | to O (step S33).
[0110] Next, the three-dimensional guide image crea-
tion circuit 65 adds 1 to the variable i stored therein (step
S34). Thatis, the three-dimensional guide image creation
circuit 65 performs a calculation, i =i+ 1.

[0111] Next, the three-dimensional guide image crea-
tion circuit 65 reads the data row, the value of the serial
number 71 of which is equal to the variable i, from the
image scan region data 70 stored in the image scan re-
gion storage portion 53 (step S35).

[0112] Then, the three-dimensional guide image cre-
ation circuit 65 calculates the image scan range R of the
ultrasound tomographic image data on the orthogonal
coordinate axes O-xyz as a real space from a set value
of the ultrasound scanning range, that is, the set value
of the length of one side of the ultrasound tomographic
image data in a square shape, and the image position/
orientation detection coil position/orientation data among
the data read in the step S35 (step S36).

[0113] Specifically, in the step S36, the three-dimen-
sional guide image creation circuit 65 calculates the co-
ordinates on the orthogonal coordinate axes O-xyz, of
the four vertices R1 to R4 of the image scan range R of
the ultrasound tomographic image in a square shape,
based onthe image position/orientation detection coil po-
sition/orientation data, that is, the position O" of the im-
age position/orientation detection coil 44 and the base
vectors V and V3 indicating the orientation of the image
position/orientation detection coil 44.

[0114] Inthe step S36, first the base vector V12 is cal-
culated by calculating the outer product of the base vec-
tors V and V3. Then, assuming that the length of one
side of the ultrasound tomographic image data is a, the
coordinates of the first vertex R1 are calculated based
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on the equation O" + a/2 « (V12) + a/2 * (V3), the coordi-
nates of the second vertex R2 based on the equation O"-
a/2+(V12) + a/2 « (V3), the coordinates of the third vertex
R3 based on the equation O" + a/2 « (V12) - a/2 « (V3),
and the coordinates of the fourth vertex R4 based on the
equation O"-a/2 « (V12) - a/2 » (V3).

[0115] Next, the three-dimensional guide image crea-
tion circuit 65 calculates a coordinate transformation
equations for mapping the coordinates on the orthogonal
coordinate axes O-xyz to the coordinates on the orthog-
onal coordinate axes O’-x’y'z’, based on the body surface
detection coil position data among the data read in the
step S35, that is, the coordinates on the orthogonal co-
ordinate axes O-xyz of the plurality of body surface de-
tection coils 42, and the coordinates on the orthogonal
coordinate axes O’-x'y'z’ of the plurality of feature points
A’ in the group of reference image data GRD, which were
acquired in the step S02. Then, as conceptually shown
in FIG. 13, the three-dimensional guide image creation
circuit 65, by using the coordinate transformation equa-
tion, maps the image scan range R of the ultrasound
tomographic image data on the orthogonal coordinate
axes O-xyz, which was calculated in the step S36, on the
orthogonal coordinate axes O’-xX'y'z’ (step S37).

[0116] Hereinafter, the image scan range R mapped
on the orthogonal coordinate axes O’-x'y'z’ is referred to
as a mapped image scan range R'. Specifically, the
mapped image scan range R’ is a quadrilateral planar
region defined by the four points R1’ to R4’ acquired by
mapping the four vetices R1 to R4 calculated in the step
S36 on the orthogonal coordinate axes O’-x'y'z’ using
the coordinate transformation equations.

[0117] Next, the three-dimensional guide image crea-
tion circuit 65 creates image scan history markers 80 as
the index data indicating the region corresponding to the
mapped image scan range R’ on the orthogonal coordi-
nate axes O’-x'y’z’ in the step S37, and writes the image
scan history markers 80 in the voxel space in the volume
memory to create synthetic data (step S38).

[0118] The image scan history markers 80 are three-
dimensional image data each expressing a translucent
quadrilateral plane having four points R1’ to R4’ calcu-
lated in the step S37 as vertices, as shown in FIG. 8.
Here, since the extracted data of the organ of interest
has already been written in the voxel space in the step
S32, the synthetic data in the voxel space is created such
thattheimage scan history markers 80 are superimposed
on the extracted data of the organ of interest, as shown
in FIG. 8.

[0119] Furthermore, in the step S38, the three-dimen-
sional guide image creation circuit 65 draws the image
scan history markers 80 such that the line types of the
border lines indicating the perimeters of the quadrilateral
image scan history markers 80 are changed depending
on the values of "the tomographic image one-sheet sav-
ing flag 74" and "the tomographic image successive sav-
ing flag 75" among the data read in the step S35.
[0120] In the present embodiment, as shown in FIG.
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8, when both of the values of the tomographicimage one-
sheet saving flag 74 and the tomographic image succes-
sive saving flag 75 are 0, the line type of the border lines
is a dotted line (the reference numeral 81 in the FIG. 8),
when both of the values of the tomographic image one-
sheet saving flag 74 and the tomographic image succes-
sive saving flag 75 are 1, the line type of the border lines
is a dashed line (the reference numeral 82 in the FIG. 8),
when the value of the tomographic image one-sheet sav-
ing flag 74 is 0 and the value of the tomographic image
successive saving flag 75 is 1, the line type of the border
lines is a chain line (the reference numeral 83 in FIG. 8),
and when the value of the tomographic image one-sheet
saving flag 74 is 1 and the value of the tomographic image
successive saving flag 75 is 0, the line type of the border
lines is a solid line (the reference numeral 84 in FIG. 8).
[0121] Note that it is enough that the image scan his-
tory markers 80 are displayed in different ways depend-
ing on the corresponding values of the tomographic im-
age one-sheet saving flag 74 and the tomographic image
successive saving flag 75, and the markers are not limited
to the aspect of display differentiated by the line types
as in the present embodiment. For example, the image
scan history markers 80 may be displayed in different
colors depending on the corresponding values of the to-
mographic image one-sheet saving flag 74 and the tom-
ographic image successive saving flag 75, or differenti-
ated by brightness difference or cyclical blinking, for ex-
ample.

[0122] Next, the three-dimensional guide image crea-
tion circuit 65 determines a magnitude relation between
the largest value N of the serial number 71 in the image
scan region data 70 stored in the image scan region stor-
age portion 53 and the variable i (step S39).

[0123] As a result of the determination in step S39,
when the variable i is smaller than the largest value N of
the serial number 71, the procedure returns to the step
S34 and the processings in steps S34 to S38 are repeat-
ed. That is, when there are plurality of data rows de-
scribed inthe image scan region data 70, the processings
in the steps S34 to S38 are repeated on all of the data
rows, and thereby a plurality of image scan history mark-
ers 80 as shown in FIG. 8 are written in the voxel space
in the volume memory as index data.

[0124] On the other hand, as a result of the determi-
nation in the step S39, when the variable i is equal to the
largest value N of the serial number 71, the procedure
moves on to step S40.

[0125] In the step S40, the three-dimensional guide
image creation circuit 65 changes the image scan history
marker 80 created last, to highlight the marker as an im-
age scan region marker 85. Here, the image scan history
marker 80 created last is the image scan history marker
80 corresponding to the data row, the serial number 71
of which in the image scan region data 70 is the largest
value N. In the present embodiment, the three-dimen-
sional guide image creation circuit 65 changes the line
type of the border line indicating the perimeter of the im-
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age scan region marker 85 to a thick line, to write the
image scan region marker 85 in the voxel space.
[0126] In other words, the image scan region marker
85 created in the step S40 is the index indicating the
mapped image scan range R’ on the orthogonal coordi-
nate axes O’-x'y’z’ of the latest ultrasound tomographic
image data.

[0127] Next, the three-dimensional guide image crea-
tion circuit 65 creates a distal end direction marker 86
and a twelve o’clock direction marker 87 as indexes to
indicate the orientation of the mapped image scan range
R’ onthe orthogonal coordinate axes O’-x'y’z’ of the latest
ultrasound tomographic image data, and writes the mark-
ers in the voxel space in the volume memory (step S41).
[0128] The distal end direction marker 86 is an arrow-
shaped (pyramid-shaped) three-dimensional object
which is perpendicular to the image scan region marker
85 from the barycentric position of the image scan region
marker 85 and extends in the insertion direction of the
rigid portion 21 on the orthogonal coordinate axes O’-
X'y'z'. Furthermore, the twelve o’clock direction marker
87 is an arrow-shaped image to indicate the twelve
o’clock direction of the radial scan on the orthogonal co-
ordinate axes O’-x'y’z’, which is drawn on the same plane
as the image scan region marker 85.

[0129] Specifically, in the step S41, the three-dimen-
sional guide image creation circuit 65 calculates a coor-
dinate transformation equation for mapping the coordi-
nates on the orthogonal coordinate axes O-xyz to the
coordinates on the orthogonal coordinate axes O’-x'y’z’,
based on the body surface detection coil position data in
the data row, the serial number 71 of which in the image
scan region data 70 is the largest value N, and the coor-
dinates on the orthogonal coordinate axes O’-x'y'z’ of the
plurality of feature points A’ in the group of reference
image data GRD.

[0130] Then, the three-dimensional guide image cre-
ation circuit 65, by using the coordinate transformation
equation, calculates the base vectors V' and V3’ by map-
ping the base vectors V and V3 on the orthogonal coor-
dinate axes O’-x'y'z’, in the data row, the serial number
71 of whichinthe image scan region data 70 is the largest
value N. Then, the three-dimensional guide image crea-
tion circuit 65 calculates the base vector V 12’ by calcu-
lating the outer product of the base vectors V and V3.
[0131] Then, the three-dimensional guide image cre-
ation circuit 65 creates the distal end direction marker 86
and the twelve o’clock direction marker 87 which are the
arrow-shaped image data indicating the directions of the
base vectors V' and V12’ on the orthogonal coordinate
axes O'-xX'y'z’, respectively, to write the markers in the
voxel space in the volume memory.

[0132] Note that the image scan region marker 85, the
distal end direction marker 86, and the twelve o’clock
direction marker 87 configure the ultrasound tomograph-
ic image marker indicating the image scan range R of
the latest ultrasound tomographic image data on the or-
thogonal coordinate axes O'-x'y’z’ in the present embod-
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iment.

[0133] By executing the processings from the steps
S31 to S41, the three-dimensional guide image creation
circuit 65 creates three-dimensional guide image data.
[0134] Next, description will be made on the action of
the medical guiding system 1 of the present embodiment
at the time of reproducing the image scan history.
[0135] The medical guiding system of the present em-
bodiment 1 is capable of performing not only an action
of displaying by changing in real time the current image
scan position and the history of the past image scan po-
sition of the ultrasound tomographic image with respect
tothe organ of the subject as the three-dimensional guide
images, at the time of making diagnosis with the above-
described ultrasound diagnostic apparatus, but also an
action of reproducing and displaying the history of the
image scan position of the ultrasound tomographicimage
so that the operator can perform observation while con-
firming the ultrasound tomographic image and the posi-
tion where the ultrasound tomographic image was
scanned at the same time, after the diagnosis.

[0136] When an image scan history reproducing key,
not shown, on the keyboard 12 is depressed by the op-
erator, the image processing apparatus 5 as an ultra-
sound tomographic image reproducing portion creates
an image scan history reproduced image as shown in
FIG. 14, to display the created image scan history repro-
duced image on the image display portion of the display
apparatus 8.

[0137] Theimage scan history reproduced image is an
image in which the ultrasound tomographic image data
is displayed on the right side of the image display portion
ofthe display apparatus 8 and the position of the currently
displayed ultrasound tomographic image data with re-
spect to the organ of interest is displayed on the left side,
in the present embodiment.

[0138] Specifically, when the image scan history re-
producing key on the keyboard 12 is depressed by the
operator, the control circuit 60 reads a predetermined
one sheet of ultrasound tomographic image data speci-
fied by the operator through the input apparatus 11
among all of the ultrasound tomographic image data
stored in the tomographic-image-for-saving storage por-
tion 55.

[0139] In addition, when the image scan history repro-
ducing key on the keyboard 12 is depressed by the op-
erator, the three-dimensional guide image creation circuit
65 executes similar processings as those in the above-
described steps S31 to S39, to create image scan history
image data on which the three-dimensional model image
of the organ of interest and a plurality of image scan his-
tory markers 80 based on all of the data rows recorded
in the image scan region data 70 stored in the image
scan region storage portion 53 are superimposed on
each other. That is, the image scan history markers 80
are three-dimensional image data indicating the posi-
tions and the orientations of the image scan regions of
all of the ultrasound tomographic image data acquired
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during the diagnosis.

[0140] Then, the three-dimensional guide image cre-
ation circuit 65 changes the line type of the border line
indicating the perimeter of the image scan history marker
80 corresponding to the predetermined one sheet of the
ultrasound tomographic image data specified by the op-
erator, among the plurality of image scan history markers
80, to a thick line to highlight the image scan history mark-
er (the reference numeral 89 in FIG. 14). Furthermore,
the three-dimensional guide image creation circuit 65
creates the distal end direction marker 86 and the twelve
o’clock direction marker 87 that indicate the orientation
of the predetermined one sheet of the ultrasound tomo-
graphic image data specified by the operator.

[0141] Next, the mixing circuit67 generates mixed data
in which the predetermined one sheet of ultrasound to-
mographic image data read by the control circuit 60 and
the image scan history image data created by the three-
dimensional guide image creation circuit 65 are synthe-
sized as shown in FIG. 14 and outputs the generated
mixed data. Then, the display apparatus 8 displays the
image scan history reproduced image based on the
mixed data on the image display portion.

[0142] Inthe presentembodiment, when an instruction
to switch the currently displayed ultrasound tomographic
image data to another ultrasound tomographic image da-
tais inputted by the operator through the input apparatus
11 in a state where the image scan history reproduced
image is displayed, the three-dimensional guide image
creation circuit 65 changes the image scan history mark-
er 80 to be highlighted and to which the distal end direc-
tion marker 86 and the twelve o’clock direction marker
87 are to be added, to the one corresponding to the ul-
trasound tomographic image data to be newly displayed
by the switching.

[0143] For example, in the medical guiding system 1
of the present embodiment, every time the operator de-
presses a predetermined key on the keyboard 12 in a
state where the image scan history reproduced image is
displayed, the ultrasound tomographic image data are
sequentially switched and displayed on the image display
portion of the display apparatus 8 in the order of the times
when the data were saved during inspection.

[0144] Then, according to the switching of the ultra-
sound tomographic image data to be displayed, the im-
age scan history marker 80 to be highlighted and to which
the distal end direction marker 86 and the twelve o’clock
direction marker 87 are to be added in the image scan
history reproduced image is also switched and displayed.
Here, if the currently displayed ultrasound tomographic
image data is a part of a moving image by successive
saving, the moving image is reproduced and displayed
on the image display portion of the display apparatus 8
when a reproducing key, not shown, is depressed by the
operator.

[0145] Note that, the aspect of the image scan history
markers 80 displayed in the image scan history repro-
duced image is not limited to one in which all of the image
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scan history markers 80 corresponding to all of the ultra-
sound tomographic image data acquired during inspec-
tion are displayed, but the image scan history marker 80
corresponding only to the data row in which at least one
of the values of the tomographic image one-sheet saving
flag 74 and the tomographic image successive saving
flag 75 in the image scan region data 70 stored in the
image scan region storage portion 53 is 1, for example.
[0146] Thus, by selectively displaying the image scan
history marker 80, the load of processings required for
display can be reduced. In addition, visibility of the image
scan history marker 80 is improved, thereby enabling the
operator to easily grasp the positional relationship be-
tween the organ of interest and the image scan history
marker 80.

[0147] Effects of the above-described medical guiding
system 1 of the present embodiment are described be-
low.

[0148] In the medical guiding system 1 of the present
embodiment, during the ultrasound scan by the ultra-
sound endoscope 2, the image scan history markers 80
indicating a history of the regions where the ultrasound
tomographic image data were acquired in the past are
displayed superimposed on the three-dimensional model
image of the organ of interest.

[0149] Therefore, using the medical guiding system 1
of the present embodiment can make it easier for the
operator to visually recognize the positional relationship
of the past image scan regions with respect to the organ
of interest, that is, the history of the regions where ultra-
sound diagnosis has been already made with respect to
the organ of interest. Therefore, the operator can surely
make an ultrasound diagnosis with respect to the organ
of interest without oversight.

[0150] In addition, using the medical guiding system 1
of the present embodiment can make it easier for the
operator to visually recognize the history of the regions
where ultrasound diagnosis has already been made with
respect to the organ of interest, thereby eliminating re-
peated scan on the same region and shortening the di-
agnosis time. As a result, the burdens on the operator
and the subject are reduced.

[0151] In addition, in the medical guiding system 1 of
the present embodiment, during the ultrasound scan by
the ultrasound endoscope 2, the image scan positions
of the tomographic-image-for-saving data are also dis-
played superimposed on the three-dimensional model
image of the organ of interest as the image scan history
markers 80.

[0152] Therefore, using the medical guiding system 1
of the present embodiment can make it easier for the
operator to visually check the image scan positions of
the saved ultrasound tomographic image data with re-
spect to the organ of interest. As a result, the operator
can surely remember to save the ultrasound tomographic
image data required for diagnosis.

[0153] Furthermore, in the medical guiding system 1
of the present embodiment, the regions where the ultra-
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sound diagnosis has been performed, the tomographic-
image-for-saving data, and the image scan positions of
the tomographic-image-for-saving data are saved, and
reproduced and displayed as the image scan history re-
produced images after diagnosis. Therefore, the opera-
tor confirms these data as the image scan history repro-
duced images after diagnosis, thereby enabling the work
such as sorting the medical records to be performed more
easily and in a shorter time.

[0154] In addition, in the medical guiding system 1 in
the present embodiment, the regions where the ultra-
sound diagnosis has been performed, the tomographic-
image-for-saving data, and the image scan positions of
the tomographic-image-for-saving data are saved, and
reproduced and displayed as the image scan history re-
produced images after diagnosis. Therefore, by using
the medical guiding system 1 of the present embodiment,
the operator can confirm the image scan history repro-
duced images after diagnosis to compare the ultrasound
tomographic image data with the image scan positions
of the ultrasound tomographic data with respect to the
organ of interest, thereby easily confirming a position of
a legion such as a tumor three-dimensionally and draw-
ing up a precise operation plan.

[0155] Note that, in the above-described present em-
bodiment, the position/orientation data and the ultra-
sound tomographic image data are associated with each
other by the serial numbers and the file names. However,
the method of associating the data is not limited to this.
For example, the position/orientation data and the ultra-
sound tomographic image data may be associated with
each other by data of the time when each of the data was
acquired and generated.

[0156] In addition, in the present embodiment, the
length a of one side of the image scan range R of the
ultrasound tomographic image data is assumed to be a
fixed value. That is, the shape and area of the image
scan range R are assumed to be fixed. However, the
present invention is not limited to this aspect. For exam-
ple, if the shape and area of the image scan range R of
the ultrasound tomographic image data are variable by
changing the intensity and the scan range of the ultra-
sound beam transmitted by the ultrasound transducer
array 31, also the scan range information is stored as the
image scan region data 70 in association with the ultra-
sound tomographic image data, and the image scan his-
tory marker 80 is displayed in a size and shape corre-
sponding to the change in the intensity and the scan
range of the ultrasound beam.

[0157] Furthermore, in the present embodiment, the
electronic radial scan ultrasound endoscope 2 is used
as the ultrasound diagnostic apparatus which is the med-
ical instrument. However, the aspect of the ultrasound
diagnostic apparatus is not limited to the present embod-
iment. For example, the ultrasound diagnostic apparatus
may be a mechanical scan ultrasound endoscope or an
electronic convex scan ultrasound endoscope including
a group of ultrasound transducers provided in a sector
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shape. The present invention is not limited by the ultra-
sound scanning method.

[0158] Inaddition, the ultrasound diagnostic apparatus
may be an ultrasound probe without an optical observa-
tion window or a capsule ultrasound sonde. In addition,
the ultrasound diagnostic apparatus may be a so-called
extracorporeal ultrasound diagnostic apparatus which
performs ultrasound scan from the body surface toward
inside of the body of the subject.

[0159] In the present embodiment, the transmission
antenna 41 and the reception coil are used as the position
detection means to detect the position and orientation
based on the magnetic field, however, the transmission
and reception relationship of the magnetic field may be
reversed, and the position and orientation may be de-
tected using acceleration or other means instead of the
magnetic field.

[0160] Furthermore, in the present embodiment,
though the image position/orientation detection coil 44 is
disposed in the vicinity of the center of the circular ultra-
sound transducer array 31, the positional relationship of
the two is not limited to such aspect. That is, in order to
evaluate the coordinates and the orientation of the scan
center of the ultrasound tomographic image from the po-
sition and the orientation of the image position/orientation
detection coil 44, the relative position between the ultra-
sound transducer array 31 and the image position/orien-
tation detection coil 44 has only to be fixed.

[0161] Moreover, inthe present embodiment, a plural-
ity of sheets of two-dimensional CT images and two-di-
mensional MRI images scanned by the X-ray three-di-
mensional helical CT apparatus 16 and the three-dimen-
sional MRI apparatus 15 are used as the data configuring
the group of reference image data GRD. However, three-
dimensional image data previously acquired using an-
other modality such as PET (Positoron Emission Tom-
ography), for example, may be used as the group of ref-
erence image data GRD. Alternatively, the group of ref-
erence image data GRD may be configured of the three-
dimensional image data previously acquired by a so-
called extracorporeal ultrasound diagnostic apparatus,
which performs ultrasound scan from outside the body.
[0162] Furthermore, in the present embodiment, the
four body surface detection coils 42 wound in one axis
direction are mounted to the subject 100 to acquire the
position/orientation data of the four sample points Al to
A4. However, alternatively, the position/orientation data
of four sample points A 1to A4 may be acquired by having
the subject 100 lie in a left lateral position, thereafter se-
quentially bringing one body surface detection coil into
contact with the four sample points Al to A4.

[0163] Furthermore, as for the body surface detection
coils 42, the position/orientation calculation apparatus 4
calculates only the positions thereof in the present em-
bodiment. However, the position/orientation calculation
apparatus 4 may calculate the direction of the winding
axis of the body surface detection coils 42 instead of the
positions thereof. In addition, the position/orientation cal-
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culation apparatus 4 may calculate both the positions
and direction of the winding axis of the body surface de-
tection coils 42. With the increased degree of freedom
of calculation with respect to one body surface detection
coil 42 by the position/orientation calculation apparatus
4, the number of the body surface detection coils 42 can
be decreased, thereby reducing the burdens of the op-
erator and the subject 100 when the body surface detec-
tion coils 42 are mounted to the subject 100 and during
the diagnosis by the ultrasound endoscope 2.

[0164] In the present embodiment, the sample points
are assumed to be the xiphoid process, the left anterior
superior iliac spine, the right anterior superior iliac spine,
and the spinous process of vertebral body. However, the
sample points are not limited to this example and may
be feature points on the thoracic surface or thoracic cavity
or other examples.

(Second Embodiment)

[0165] Hereinafter, the second embodiment of the
presentinvention is described with reference to the draw-
ings. FIG. 15 is a view describing a three-dimensional
guide image of the present embodiment.

[0166] The present embodiment differs from the first
embodiment only in the display aspect of the image scan
history marker, but other configurations are the same.
Therefore, only the different point is described below.
[0167] A medical guiding system of the present em-
bodiment displays an image scan history marker 90 for
indicating the region where the ultrasound scan has been
performed is displayed in the three-dimensional guide
image data, as a moving locus of the image scan range
R of the ultrasound tomographic image data, as shown
in FIG. 15.

[0168] The image scan history marker 90 of the
present embodiment has a three-dimensional shape
formed by connecting the contours of the image scan
history markers 80 which are a plurality of quadrilateral
planes formed by the similar method as that in the first
embodiment.

[0169] The image scan history marker 90 of the
present embodiment is expressed by a wireframe as a
three-dimensional contour indicating the moving locus of
the image scan range R of the ultrasound tomographic
image data.

[0170] The wireframe of the image scan history marker
90 of the present embodiment and the region inside of
the wireframe are colored by pixels of different transmis-
sivity and color according to the change of the values of
the tomographic image one-sheet saving flag 74 and the
tomographic image successive saving flag 75.

[0171] Thatis, the image scan history marker 90 of the
present embodiment distinctly expresses the following
by the change in color: the moving locus of the image
scan range R of the ultrasound tomographic image data;
the region for which the one sheet of the ultrasound to-
mographic image has been saved; and the region for
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which the ultrasound tomographic image data have been
successively saved.

[0172] Forexample, intheregionwhere the ultrasound
scan has been performed but for which the ultrasound
tomographic image data is not saved, the wireframe of
the image scan history marker 90 and the region inside
of the wireframe are expressed in a semi-transparent
white color. In the region for which one sheet of the ul-
trasound tomographic image data has been saved, the
wireframe of the image scan history marker 90 and the
region inside of the wireframe are expressed in green
color (the reference numeral 91 in FIG. 15). In the region
for which the ultrasound tomographic image data have
been succesively saved, the wireframe of the image scan
history marker 90 and the region inside of the wireframe
is expressed in blue color (the reference numeral 92 in
FIG. 15).

[0173] Moreover, the region corresponding to the po-
sition of the image scan range R of the latest ultrasound
tomographic image data is expressed as a quadrilateral
frame highlighted by thick black lines (the reference nu-
meral 93 in FIG. 15).

[0174] The transmissivity and the luminance of the im-
age scan history marker 90 can be changed to an arbi-
trary transmissivity and luminance by the operator’s op-
eration sothatthe operator can easily grasp the positional
relationship between the marker and the three-dimen-
sional model image of the organ of interest.

[0175] The above-described medical guiding system
of the present embodiment not only has the same effect
as that in the first embodiment, but also has a simpler
expression of the image scan history marker in the three-
dimensional guide image data, so that the operator can
intuitively and quickly realize the history of the region
where the ultrasound diagnosis has been already per-
formed with respect to the organ of interest.

(Third Embodiment)

[0176] Hereinafter, the third embodiment of the
presentinvention is described with reference to the draw-
ings. FIG. 16 is a view describing the three-dimensional
guide image of the present embodiment.

[0177] The present embodiment differs from the sec-
ond embodiment only in the display aspect of the image
scan history marker, but other configurations are the
same. Therefore, only the different point is described be-
low.

[0178] Asinthe second embodiment, a medical guid-
ing system of the present embodiment displays an image
scan history marker 90a for indicating the region where
the ultrasound scan has been performed, as the moving
locus of the image scan range R of the ultrasound tom-
ographic image data in the three-dimensional guide im-
age data.

[0179] The image scan history marker 90a of the
present embodiment is expressed by a wireframe as a
three-dimensional contour indicating the moving locus of
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the image scan range R of the ultrasound tomographic
image data, as in the second embodiment. In addition,
asinthe second embodiment, the wireframe of the image
scan history marker 90a and the region inside of the wire-
frame are colored by the pixels of different transmissivity
and color according to the change of the values of the
tomographic image one-sheet saving flag 74 and the to-
mographic image successive saving flag 75.

[0180] Furthermore, the image scan history marker
90a of the present embodiment is colored such that the
wireframe and the region inside of the wireframe have
different colors depending on the moving distance of the
image scan range R during the acquisition of a predeter-
mined number of sheets of ultrasound tomographic im-
age data.

[0181] That is, the image scan history marker 90a of
the present embodiment distinctly expresses the follow-
ing by the change in color: the moving locus of the image
scan range R of the ultrasound tomographic image data;
the region for which one sheet of ultrasound tomographic
image data has been saved; and the region for which
ultrasound tomographic image data have been succes-
sively saved, and also expresses density of acquiring
intervals for the acquired ultrasound tomographic image
data.

[0182] For example, if the ultrasound observation ap-
paratus 3 creates the ultrasound tomographicimage data
at a frame rate of 10 Hz, ten sheets of ultrasound tomo-
graphic image data are acquired per second. The three-
dimensional guide image creation circuit 65 calculates
the volume of the region where the ultrasound scan was
performed in one second based on the moving distance
of the image scan range R in one second, that is the
change amount of the position and the orientation of the
image position/orientation detection coil 44 and the area
of the image scan range R.

[0183] When the volume of the region where the ultra-
sound scan was performed in one second is equal to or
larger than a predetermined threshold value given in ad-
vance, the three-dimensional guide image creation cir-
cuit 65 colors the appropriate region of the image scan
history marker 90a in red.

[0184] That is, in the present embodiment, when the
acquiring intervals of the acquired ultrasound tomo-
graphic image data are large, that is, the moving velocity
of the ultrasound transducer array 31 is too high relative
to the frame rate of the ultrasound tomographic image
data, the wireframe of the image scan history marker 90a
and the region inside of the wireframe are expressed in
red color as a warning to the operator (the reference nu-
meral 94 in FIG. 16).

[0185] With the medical guiding system thus config-
ured according to the present embodiment, the similar
effects as those in the second embodiment are obtained
and in addition, the operator can quickly recognize the
region where the acquiring intervals of the ultrasound
tomographic image data are coarse, thereby prevented
from overlooking the region during a diagnosis.
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[0186] In the diagnosis by the ultrasound endoscope,
the rigid portion (ultrasound transducer array) in some
cases moves largely in a mere instant during the diag-
nosis. For example, in a case where the operator ob-
serves the duodenal bulb while pulling the ultrasound
endoscope, if the operator continues to pull the ultra-
sound endoscope, the rigid portion is caught in the py-
lorus separating between the duodenal bulb and the
stomach. If the operator further continues to pull the ul-
trasound endoscope, the rigid portion is popped out from
the pylorus, and the rigid portion sometimes moves large-
ly by the reaction.

[0187] With the medical guiding system of the present
embodiment, in a case where the ultrasound transducer
array is thus moved largely in a short time, the operator
can quickly and easily grasp at which position the large
movement in a short time occurred and from which po-
sition the ultrasound scan is to be performed again, which
can reduce the diagnosis time. Therefore, the burdens
of the operator and the subject are reduced.

[0188] Note that, as for the image scan history marker
90a of the present embodiment, the region for which the
ultrasound tomographic image data were saved and the
density of the intervals at which the ultrasound tomo-
graphic image data were acquired are expressed at the
same time by different colors. However, the two may be
individually expressed and switched to be displayed by
the operator’s instruction.

[0189] In addition, the image scan history marker 90a
may be of an aspect such that the region for which the
ultrasound tomographic image data were saved is ex-
pressed only by the difference inline type, and the density
of the intervals at which the ultrasound tomographic im-
age data were acquired may be expressed by the differ-
ence in color.

[0190] In addition, the present embodiment is of an
aspect in which the determination of the density of the
intervals at which the ultrasound tomographic image data
were acquired is made based on one threshold value.
However, two or more threshold values may be set and
the image scan history marker 90a may be displayed in
three or more different colors.

[0191] In addition, the determination of the density of
the intervals at which the ultrasound tomographic image
data were acquired may be made based on the change
amount of the orientation of the ultrasound transducer
array per unit time, that is, an angular velocity, instead
of the moving amount of the ultrasound transducer array
per unit time. In addition, the determination of the density
of the intervals at which the ultrasound tomographic im-
age data were acquired may be made based on both the
moving velocity and the angular velocity of the ultrasound
transducer array.

[0192] Note that the present invention is not limited to
the above-described embodiments, but can be adopted
to a diagnosis and an operation with an endoscope such
as a bronchoscope or laparoscope, or to an extracorpor-
eal ultrasound diagnostic apparatus.
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[0193] Having described the preferred embodiments
of the invention referring to the accompanying drawings,
it should be understood that the present invention is not
limited to those precise embodiments and various chang-
es and modifications thereof could be made by one skilled
in the art without departing from the spirit or scope of the
invention as defined in the appended claims.

Claims
1. A medical guiding system comprising:

a detection portion for detecting at least one of
a position and an orientation of an ultrasound
transducer which transmits and receives ultra-
sound to and from a subject, the ultrasound
transducer being provided in an ultrasound di-
agnostic apparatus for scanning an ultrasound
tomographic image based on an ultrasound sig-
nal outputted from the ultrasound transducer;
areference image storage portion for storing ref-
erence image data including anatomical posi-
tional information of an organ of a human body;
and

a guide image creation portion for creating a
guide image and outputting the created guide
image to a display apparatus based on the out-
put from the detection portion and the reference
image data, the guide image being configured
of: an anatomical model image of the organ of
the human body; an ultrasound tomographic im-
age marker showing at least one of a position
and an orientation with respect to the model im-
age of the latest ultrasound tomographic image;
and an image scan history marker showing at
least one of a position and an orientation with
respect to the model image, of a region where
the ultrasound tomographic image has been
scanned in the past.

2. The medical guiding system according to claim 1,
wherein the ultrasound diagnostic apparatus suc-
cessively scans the ultrasound tomographic images,
and the guide image creation portion calculates a
moving velocity of the ultrasound transducer based
on the output from the detection portion, and when
the moving velocity is equal to or greater than a pre-
determined value, creates an index serving as a
warning to superimpose the index on the image scan
history marker.

3. The medical guiding system according to claim 1 or
2, further comprising
an image scan region storage portion for storing im-
age scan region data configured of information on
atleast one of positions and orientations with respect
to the model image, of regions where all the ultra-
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sound tomographic images have been scanned,
wherein the guide image creation portion creates an
image scan history image to output the created im-
age scan history image to the display apparatus
based on the image scan region data after a diag-
nosis, the image scan history image indicating at
least one of the positions and the orientations with
respect to the model image of the regions where all
the ultrasound tomographic images have been
scanned.

The medical guiding system according to claim 3,
further comprising:

atomographic-image-for-saving storage portion
for storing at least one of the ultrasound tomo-
graphic images in association with information
on atleast one of the position and the orientation
of the region where the ultrasound tomographic
image has been scanned; and

an ultrasound tomographic image reproducing
portion for selecting and reading a predeter-
mined one of the ultrasound tomographic imag-
es from the tomographic-image-for-saving stor-
age portion to reproduce and output the ultra-
sound tomographic image to the display appa-
ratus after the diagnosis;

wherein the guide image creation portion cre-
ates an index indicating at least one of the po-
sition and the orientation with respect to the
model image, of the region where the predeter-
mined one ultrasound tomographic image repro-
duced by the ultrasound tomographic image re-
producing portion has been scanned, to super-
impose the index on the image scan history im-
age.
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FIG.7
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FIG.10
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